Phaeohyphomycotic ependymitis in a cat
Jean-Martin Lapointe, Robert J. Higgins, Beverly Sturges Primary mycoses of the central nervous system (CNS) are rare in small animals. All the cases reported in dogs and cats involve an extensive suppurative to pyogranulomatous necrotizing meningoencephalitis, without visible involvement of other organ systems. 6, 8, 9, 11 Cladosporium bantianum, a dematiaceous fungus believed to be neurotropic, is commonly cultured from these lesions, especially in cats. 8, 11 No other fungal organism has been documented as causing a primary CNS infection in small animals. Cerebral fungal infection can also develop in systemic mycoses (such as blastomycosis, histoplasmosis, coccidioidomycosis, Aspergillus terreus infection 5 ) or by direct extension from a rhinitis, as with nasal aspergillosis or cryptococcosis. In this report, we describe a case of mycosis of the CNS in a cat in which the infection was localized to the ventricular system and from which a pigmented fungal species not previously reported as a cause of CNS infection was isolated.
A 5-year-old female domestic short-hair cat with a 5-day history of weakness and intermittent, poorly defined pain was referred to the Veterinary Medical Teaching Hospital of the University of California, Davis. The cat was alert and ambulatory but had weakness and moderate right-side ataxia. The cat vocalized loudly on palpation, but the source of the pain could not be localized. A slight head tilt to the right and occasional head tremors were present. Proprioceptive deficits were present in the front limbs. Abdominal radiographs were unremarkable, and serum chemistry values were within normal limits. Serum enzyme-linked immunosorbent assay for feline leukemia virus (FeLV) antigen was negative. A cerebrospinal fluid sample from the lumbosacral junction had mild blood contamination and contained 19 nucleated cells/l, most of which were neutrophils. Magnetic resonance imaging of the brain revealed moderate enlargement of both lateral and the third ventricles. There was also loss of the ventricular lumen at the junction of the cerebral aqueduct and the fourth ventricle. Recovery from anesthesia was poor, and over the following 48 hours the cat became obtunded, developed positional nystagmus and cerebellar rigidity, and shortly thereafter became comatose and died. At gross necropsy, the cat was in good body condition. There were fleas in the hair coat, and the jejunum contained moderate numbers of cestodes. The ventral caudal cerebellar vermis was partially herniated into the foramen magnum. The lateral and third ventricles and the mesencephalic aqueduct were moderately dilated, and the fourth ventricle was not visible. Fresh transverse sections of cerebrum and cerebellum were submitted for a rabies immunofluorescent antibody test, which was negative. Samples of medulla were frozen for retrospective testing. The remaining brain tissue, the cervical spinal cord, and samples of all other major organs were immersed in 10% buffered formalin. Samples of adrenal gland, brain, cervical spinal cord, heart, intestines (duodenum, jejunum, ileum, colon), kidney, liver, lung, pancreas, spleen, stomach, and thyroid gland were embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE). Paraffin-embedded sections of brain were stained using a streptavidin-biotin-horseradish peroxidase system a,b,c,10 with a monoclonal antibody against feline coronavirus d to detect feline infectious peritonitis (FIP). Negative and positive tissue controls were included.
Histologic examination of the CNS revealed a marked, chronic inflammatory reaction at the junction of the mesencephalic aqueduct and the fourth ventricle (Fig. 1) . The ventricular lumen at that site was almost completely obliterated by proliferation of fibrovascular tissue and astrocytic processes extending from the subjacent neuropil through disruptions in the ependymal lining (Fig. 2) . This proliferating tissue joined opposing sides of the ventricular surface, creating multifocal confluent adhesions. An abundant inflammatory cell infiltrate of macrophages, lymphocytes, and plasma cells was present throughout this tissue. Areas of the ventricular lumen not obliterated by proliferating tissue often contained aggregates of macrophages and lymphocytes. The ventricular surface was irregular, and frequent ependymal changes, from atrophy or loss to hypertrophy and formation of rosettes (Fig.  2) , were present. In the subependymal neuropil, there was marked proliferation of reactive astrocytes, both fibrillar and gemistocytic, within a dense matrix of astrocytic processes. Periventricular blood vessels had marked perivascular lymphocytic cuffing.
These changes were localized mainly to the caudal mesencephalic aqueduct and the cranial fourth ventricle; the intensity of the inflammatory reaction rapidly decreased rostrally and caudally to that site. In the cranial mesencephalic aqueduct, there were multifocal areas of ependymal loss, re-placed by nodules of loose tissue containing astrocytes and a mixed infiltrate of macrophages, lymphocytes, plasma cells, and fewer neutrophils, projecting into the lumen (Fig. 3 ). Throughout these nodules were moderate numbers of fungal hyphae, which were pigmented a light olive green, were septate, had thick parallel walls 2-3 m wide, and exhibited rare dichotomous branching (Fig. 4 ). Most of these hyphae were extracellular. The neuropil surrounding the aqueduct was moderately edematous, and the surrounding blood vessels had moderate perivascular lymphocytic cuffing.
In the cervical spinal cord, there was marked diffuse hydromyelia, with flattening of the ependyma. In the first cervical cord segment, there was rupture of the roof of the central canal and formation of a large syringomyelic tract dissecting dorsally through the dorsal funiculi. In the cerebrum, there was marked diffuse atrophy of the ependymal lining of the lateral ventricles, with multifocal areas of subependymal edema; dissecting tracts of edema extended from the dorsal tip of the ventricles into the periventricular white matter. The immunohistochemical stain for FIP was negative. No lesions were observed in the other tissues examined.
Tissue from the medulla oblongata, frozen at the time of necropsy, was cultured for aerobic bacteria and fungi. Fungal culture yielded a few colonies of a pigmented fungus, producing spherical, ostiolate pycnidia that contained 1-celled, 2-4 ϫ 1-2-m cylindrical to ellipsoidal conidia, produced from ampulliform phialides. One-celled chlamydospores were also present. This morphology was most consistent with that of Phoma eupyrena (UTMB 4099), as determined by the Mycology Reference Laboratory at the University of Texas Medical Branch (Galveston, TX).
This cat had a chronic fungal infection that was localized to the mesencephalic aqueduct and fourth ventricle of the brain. This infection was associated with a moderate degree of subependymal inflammation, but there was no evidence of significant invasion of the neuropil by the fungus. The lesions were chronic, and the clinical neurologic signs were probably due to hydrocephalus and hydromyelia secondary to obstruction of the ventricular system. This obstruction was most likely a consequence of the cat's chronic inflammatory and healing responses rather than a direct effect of the infectious organism. This finding is in contrast to the previously reported cerebral mycoses in small animals, in which the fungi were quite invasive and provoked a severe and destructive pyogranulomatous response within the neuropil. 6, 11 A fungal infection limited to the cerebral ventricular system has not been reported previously either in animals or humans. It is uncertain how the fungus may have gained access to the ventricular system; the hematogenous route is most likely, perhaps from a subcutaneous lesion undetected, or healed, at the time of necropsy. A study of the fungal flora of the fur of normal dogs has shown the presence of numerous fungal species, including Phoma sp., 2 suggesting that skin wounds may become contaminated with a variety of opportunistic resident fungi. The reported cases of infection of the CNS by Cladosporium bantianum were not associated with detectable infection of other organs, and in those cases the fungus was also thought to have gained access to the CNS hematogenously. The possibility of an infection introduced by a migrating plant awn also must be considered, although these foreign bodies usually produce a conspicuous pyogranulomatous and necrotizing meningoencephalitis along their paths.
The fungus isolated from the medulla, Phoma eupyrena, belongs to a genus best known for its phytopathogenicity. A few cases of cutaneous or subcutaneous phaeohyphomycosis caused by Phoma species have been reported in humans, 1, 12 goats, 4 and a white-tailed deer. 7 Phoma species have also been associated with a few cases of bovine mastitis in Brazil. 3 In humans, these infections are generally associated with druginduced immune suppression; this cat was serologically negative for FeLV antigen, but its feline immunodeficiency virus status was not known. There was no histologic evidence of lymphoid depletion to suggest immune suppression. It is uncertain in the present case whether the fungus isolated was the causal organism or a culture contaminant because only a few colonies were obtained, along with a few mixed bacterial colonies. Based on the few brief descriptions in the literature, Phoma hyphae in histologic sections are similar in morphology and size to those of many other pigmented fungi, including C. bantianum. However, the presence of pigmented fungal hyphae in tissue sections close to the culture sample site suggests that this ependymitis was caused by infection with Phoma eupyrena. 
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